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ABSTRACT 

Bimetallic Pt-V supported by Gamma-alumina is used to observe the changes of n-
heptane when passed over this catalyst. The Pt concentration was kept constant at 
0.1wt% while the concentration of the vanadium was 0.5wt%. The activity and 
selectivity of catalyst have been determined under conditions at 450-500 degrees 
centigrade and 15-30 attn. The experimental results show that the addition of second 
metal to the Pt catalyst results in a modification of the metal and acid functions. The 
results show that when vanadium is present, the catalyst has high selectivity for 
aromatization reaction. 
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INTRODUCTION 
he reforming of naphta is a process in which 
the naphta octane number increases by 
increasing the concentration of branched 
paraffin isomers and mainly of aromatics [1]. 
The overall process involves several reactions 
which are promoted by 	a bifunctional 
catalyst [2]. Catalytic reforming reactions 
proceed by bi-functional catalyst such as 
Platinum for hydrogenation, dehydrogenation 
and the active sites on the surface of the 
support (e.g. activate alumina) such as the 
acid and base sites for the isomerization, 
cracking and cyclization reactions [3]. The 
Pt/A1203  as a bifunctional reforming catalyst 
has been used since1955 in oil industries [4]. 
Later Pt was promoted with other metals 
called bi or multimetalic catalysts which are 

Pt-Re [5-11], Pt-Sn [12-18], Pt-Pb [13], Pt-Ge 
[19], Pt-Jr [20], Pt-Nd [21-22], Pt-W03  [23] 
and Pt-Nb [24]. The most interesting feature 
of bimetallic catalysts, which distinguishes 
them from the monometallic Pt/y-A1203  
systems, is the improvement in reforming 
stability. One of the theories put forward is to 
explain the improvement in stability of the 
alloy model which attributes the alloy to a 
modification of catalyst properties of 
Platinum when Platinum is mixed with a 
second metal [7]. The role of the second 
metal has been the focus of much attention. 
Jassens and Petersen [9] suggest that Re 
interacts with Pt to reduce the activity of 
metal function. Bertolaccini and Pellet [25] 
found that Re promotes the hydrogenolysis of 
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coke 1 precursor thereby reducing coke I: 	_i i L' formation
o
p i)6accaud et al [26] has shown that 

lill Sn may preserve activity by poisoning the 
more acidic  sites in the alumina support. 
However) Pi-Sn' interactions resulting in the 1 
formationi of .coke on the metal surface of 
small ensembles that do not favor coking 
have lis'd lbeen suggested to reduce 

i 	gir , 	i 	II 	II 
deactivation [12; 15, 27, and 28]. :i i, 6 , 	II 

pt-wy-YA 203  has not been the subject of 
sufficieni researches. The present paper 1 	iq 	li II 	1 reports the study of the performance i.e. the 
activity l'a'ri'd selectivity of this catalyst for the 
catalytic refOi4ning of n-heptane. 

1 , 
_i l 	i J1  I 

EXPERIMENTAL II 	I I bi 	1 Cataly iti
st,preparation 

	

The cat* Ail 	 wv- 
..

died was 0 1 
1 ill  , 	a. The chlorinet" Pt tonatned 0ntO5  wt%.  V 8 7Lf u  

f I  A 	iai im1 ,1 M  
catalyst liwas AjUsted to 1 wt% by addition of 
HC1 (0.14. iliii ls was prepared by depositing 
the actiV materials in appropriate content 
rations' 11 to gamma-alumina (surface area 
270 m2 'iand tore volume of 0.65 cm3/g) by 1 .6.1! 	i , 
impregnation method. Impregnation solution 

	

contained i cliloroplatinic acid, 	chloride 
vanadium land hydrochloric acid. In order to 
insure iliriiforin dispersion of metallic 

	

um 	iii , 
components on' support (y-alumina), the 

	

N, 	1 
impregalon mixture was maintained in 
contact Il itith he Support for a period of about 
7 hours at 'temperature of about 60 °C. Then 
the catalYsi arifijile was dried for 24 hours at 
120 °C lilaied by calcination in air at 
400 °C'filib Vi;'irs. The calcined catalyst was 
purged ,  With 1T2 and finally reduced with 
flowing A2t at 500 °C for 7 hours. 

, 	 0 

Catalyst testing 
'• 	- 12 grarnp: Ithe l '  catalyst was loaded into a 

220 cq Ti,Fatol•(peomecanique, catatest unit, 
model 1:731( !igl )11,  The amount was reduced by 
heating i m a hydrogen stream at a constant 
flow rate.' from 25°C up to 500 °C for 7 hours. III, 	:1'1 
The catalyst was sulfided in a gas flow 
consisting, ':Of 600 ppm H2S in H2 at 500 °C • 1[1 1  
and 1 atm. for 1r5. minutes. This was followed 

, 	•  

by cooling it for 7 hours by H2 at room 
temperature. The next step was to heat the 
catalyst at constant rate from room 
temperature to 500 °C by flowing hydrogen. 
The temperature was kept constant for 2 
hours before feeding the n-heptane. Total 
hydrocarbon conversion after 2 hours was 
taken as a measure of catalyst activity, total 
conversion, liquid yield and selectivity. These 
items were calculated from gas 
chromatography (Varian 3 600 star) using a 
60 mm capillary, 250 p diameter L.phase 
DB-1, detector, FID, and integrator variant 4 
400 carrier gas He. 

RESULTS AND DISCUSSION 
Effect of reaction temperature on activity 
and selectivity 
Activity: Activity generally means how well 
a catalyst does its job with respect to reaction 
rate, temperature and space velocity. When 
this fact is taken into account, a specific 
reaction activity may be related to reaction 
rate. The higher the reaction rate, the higher 
the activity of the catalyst. For example, 
Gates identifies the activity of a copper-nickel 
alloy catalyst for the dehydrogenation of 
cyclohexane by plotting reaction rate vs. the 
percent of copper atoms in the catalyst. 
Refinery engineers almost always refer to the 
activity in a relative sense i.e. one catalyst 
may be more or less active than another 
catalyst. In addition, a catalyst may be less 
active after six months and less operative than 
when it was fresh. For motor fuels, reforming 
activity is generally represented by the 
temperature required to produce a given 
octane number reformat. The lower the 
temperature, the more active the catalyst. 

One of the activity factors related to the 
catalyst is its percent of the change in 
n-heptane. When we conceive a specific 

reaction, the activity may be related to the 
reaction rate. For engines, full activity is 
usually defined based on temperature degree 
that is needed. If lower temperature degree is 
a requisite, the catalyst is more active. 
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Therefore, we can say that the circumstance 
of reaction progress until it reaches the 
balance which expresses the catalyst activity. 
Here the catalyst activity is calculated as 
follows: 
Catalyst activity = 100 — unconsumed normal 
heptane 	 (1) 
Measurements of catalytic activity and 
determination of selectivity parameters have 
been performed at various temperatures (400-
500 °C). The conversion of n-heptane as a 
function of temperature at different pressures 
is shown in figure 1. 
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Fig.l. Effect of temperature on conversion % 
at different pressure. 

reaction. Selectivity can be defined as the 
proportion of the desired product shown as 
W, to the total rate of the transformation of 
the primary substance shown as W: 

S 	 (2) 

So that: 
W 	rj —E 	& w = E r, (3) 

Here 1; stands for the reaction rates existing 

in the formation of the primary desired 
product and r; stands for the transformation 

of the primary substance. In this piece of 
research selectivity is calculated by the 
following equation: 
Selectivity percent = Requisite product x 100 (4) 

Changing percent 

The selectivity percent of aromatization, 
isomerization, and naphtenic have been 
shown in figures 2, 3, and 4. 
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Selectivity :In catalytic reforming, selectivity 
of catalyst means the percent of the desired 
product yielded from the feedstock. In motor 
fuel reforming, a high yield of reformat at the 
desired octane number is a good selectivity. 
In BTX reforming a high yield of total 
aromatics or of a desired specific aromatic is 
also a good selectivity. Selectivity of a 
catalyst means producing desirable products 
that are often middle compounds. They are ,in 
turn, used to yield some products that have 
less energy. Because in the process of 
catalytic reforming different reactions occurs. 
Some of them are desirable and some are 
undesirable. Selectivity of catalyst means 
conducting a reaction toward the considered 

Fig.2. Effect of temperature on selectivity 
percent of aromatization, isomerization and 
naphtenic reactions at P=15 atm. 

f c 

Fig.3. Effect of temperature on selectivity 
percent of aromatization,isomerization and 
naphtenic reactions at P=20 atm. 
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Fig.4. Effect of temperature on selectivity 
percent of aromatization,isomerization and 
naphtenic reactions at P=30 atm. 

CONCLUSION 
The addition of a second metal (vanadium) to 
Pt in reforming catalyst is known to reduce 
coking and increase total conversion 
(activity) and selectivity. The results of the 
study show that the reforming reactions 
requires at least two different functions. The 
first is a metal used to convert the naphtenes 
to aromatics by dehydrogenation process and 
paraffins to olefins by dehydrogenation and 
hydrogenolysis processes. It is generally 
acknowledged that the metal component also 
contributes to dehydrocyclization and 
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